Abstract. Primary testicular lymphoma (PTL) is a rare lymphoid malignancy. The present retrospective study aimed to investigate the demographic characteristics and survival of patients with PTL, as well as the associated prognostic factors, using a population-based database. All adults diagnosed with PTL in the Surveillance, Epidemiology, and End Results database were identified between 1973 and 2013. The Kaplan-Meier method was used to estimate cause-specific survival (CSS). Log-rank test or multivariate Cox regression model was used to assess the influence of demographic and clinical parameters on CSS. A total of 1,169 patients with PTL were identified from the database, and the median age was 70 years. The predominant histological subtype was diffuse large B-cell lymphoma, which affected 82.9% (970/1,169) of patients, and 68.6% (802/1,169) of patients had early stage disease (stages I-II). Patients >70 years, those diagnosed at the earlier time period, or those who had advanced-stage symptoms had the worst 5-year CSS rates; however, treatment with rituximab significantly improved the 5-year CSS. In conclusion, this retrospective study presented data from the largest cohort of patients with PTL and described the effects of rituximab on the CSS of patients with PTL.
Introduction
Primary testicular lymphoma (PTL) is an uncommon extranodal lymphoma that accounts for 1-9% of testicular malignancies and 1-2% of non-Hodgkin's lymphomas (NHLs) (1, 2) . The median age at diagnosis of PTL is 67 years old, and the annual incidence is 0.09-0.26 per 100,000 individuals (3) . The most common histological subtype of PTL is diffuse large B-cell lymphoma (DLBCL) (4) . PTL presents clear extranodal tropism, mainly infiltrates the contralateral testis and commonly reaches the central nervous system (CNS) (5) . These locations have immune privilege because of the presence of blood-testis and blood-brain barriers, which can lead to reduced concentrations of chemotherapy agents and evasion from host antitumor responses (6, 7) . Although the prognoses of PTL and secondary testicular involvement are similar, it is crucial to differentiate them in order to provide the most effective therapies to patients (1) .
At present, a standard treatment for PTL has yet to be established. This can be explained by the rare nature of the disease and by the absence of prospective randomized controlled trials available. In previous studies, orchiectomy has been used as a diagnostic and a therapeutic tool; however, the outcomes of patients with PTL who undergo this surgery alone or in combination with radiotherapy are poor (8) . Following the introduction of rituximab, prognosis of patients with PTL has significantly improved. A retrospective review including 75 patients with PTL from the MD Anderson Cancer Center revealed that the addition of rituximab to anthracycline-based chemotherapy significantly improves the 5-year overall survival (OS; 56 vs. 87%; P=0.019) of patients (9) . Nevertheless, a retrospective analysis by the British Columbia Cancer Agency demonstrated that the 5-year progression-free survival (PFS) and OS of patients treated with rituximab were similar to those of patients who received no treatment, as determined by univariate analysis; however, rituximab provides better OS and PFS after adjustment by the International Prognostic Index (IPI) (10) . Therefore, the effects of rituximab on the outcomes in patients with PTL are still unclear.
The present study aimed to investigate the demographic and clinical characteristics, and outcomes of patients with PTL using the Surveillance, Epidemiology, and End Results (SEER) registry, which is supported by the National Cancer Institute. The role of rituximab in the treatment of PTL was also examined, as well as the potential predictive factors for OS and cause-specific survival (CSS) in patients treated with rituximab.
Materials and methods
Data source. Patient data were obtained from the SEER database. The SEER program collects and publishes the incidence, prevalence and survival data from 18 populationbased cancer registries, covering >28% of the US population (www.seer.cancer.gov). The present study investigated the SEER database in April 2016 to identify all patients with PTL diagnosed between 1973 and 2013 using codes from the International Classification of Diseases (ICD) (11) . ICD for Oncology, 3
rd Edition (ICD-O-3) (12) morphological (9590-9738 and 9811-9975) and topographical (C620, C621 and C629) codes were used to identify cases of PTL. There were three exclusion criteria for the study: i) Diagnosis by autopsy or death certificate; ii) no microscopic confirmation of disease; and iii) previous or coexisting malignancy. Fig. 1 presented the detailed screening procedure. To carry out analysis of CSS, the user-defined variable 'Cause-specific Death Classification' was selected in the SEER database. Using this variable, patients who succumbed to other unrelated causes were considered to be alive for the analysis. Patients with missing or unknown causes of mortality were excluded from the analysis.
The following information was obtained from the SEER database: Age at diagnosis, ethnicity, year of diagnosis, laterality, Ann Arbor stage, histotype, type of surgery, radiotherapy, cause of mortality and survival time. OS was defined as the length of time from the date of PTL diagnosis to the date that patients remained alive.
Statistical analysis. The incidence of PTL increases with age, and the median age of patients at diagnosis is 67 years old (3). In the present study, the age at diagnosis was categorized into four groups: <60 years, 60-69 years, 70-79 years and ≥80 years. Ethnicity was categorized as Caucasian, African descent, other and unknown. Ethnicities that were categorized as other or unknown were grouped together for analysis. The cohort was divided into three groups according to the year of diagnosis (1973-1997, 1998-2005 and 2006-2013) . In the SEER database, two codes are given for resection surgery. Prior to 1997, the code 'RX Summ-Surg Prim Site' was used; after 1998, the code 'RX SUMM-SURG PRIM SITE' was used. To minimize the effects of coding on the study, patients were initially divided into two groups (prior to 1997 and after 1998). Since most patients suffered from primary testicular DLBCL (PT-DLBCL) and since rituximab was approved by the United States (US) Food and Drug Administration (FDA) after 2006, the post-1998 group was further divided into two groups (1998-2006 and after 2006) to understand the effects Includes Burkitt's lymphoma, Mantle-cell lymphoma, precursor B-cell lymphoblastic lymphoma and B lymphoblastic leukemia/lymphoma, not otherwise specified. c Includes ML, mixed small and large cell, diffuse; ML, large B-cell, diffuse; and ML, large B-cell, diffuse, immunoblastic, and not otherwise specified. d Includes follicular lymphoma, small B-cell lymphocytic lymphoma, marginal zone B-cell lymphoma and lymphoplasmacytic lymphoma. ML, malignant lymphoma; NHL, non-Hodgkin's lymphoma; PTL, primary testicular lymphoma; T-NHL, T-cell non-Hodgkin lymphoma. of rituximab on prognosis. However, information regarding the treatment of patients with rituximab was not available on the SEER database. Laterality was categorized as right, left, bilateral or unknown. The stage was established according to the 1983+ Ann Arbor classification criteria (13) . Patients diagnosed between 1973 and 1983 were excluded from the data used for Ann Arbor stage statistics.
Statistical analyses were performed with R software (https://www.r-project.org). Two-tailed P<0.05 was considered to indicate a statistically significant difference. The Kaplan-Meier method was used to estimate differences in the CSS of patients with PTL, which was calculated between date of diagnosis and date of mortality caused by PTL. The log-rank test and multivariate Cox regression model were used to assess differences in CSS and OS according to age at diagnosis, ethnicity, laterality, year at diagnosis, Ann Arbor stage and histotype. P-values were computed by likelihood ratio tests.
Results

Baseline demographics and tumor characteristics.
The SEER database included 1,169 patients diagnosed with PTL between 1973 and 2013 whose clinical features were summarized in Table I . The median age of patients was 70 years (range, 2-98 years). The majority of patients were Caucasian (1,005/1,169; 86%), and ~38.8% (454/1,169) of patients were diagnosed in the years following introduction of rituximab (2006 or later). Based on the Ann Arbor staging system, ~55% of patients with PTL had stage I disease (n=643), 13.6% had stage II disease (n=159), 5% had stage III disease (n=59) and 15.9% had stage IV disease (n=185). All patients underwent surgical intervention, and only 34.9% (408/1,169) of patients received radiotherapy after surgery. The most prevalent tumor histological subtype was DLBCL (970/1,169, 82.9%), followed by follicular lymphoma (21/1,169, 1.80%; Table II ) and Burkitt's lymphoma (15/1,169, 1.28%). T-cell lymphomas, including mature T-cell lymphoma, anaplastic large cell lymphoma, NK/T-cell lymphoma, and precursor T-cell lymphoblastic lymphoma, accounted for only a small number of cases (15/1,169, 1.3%). Table II summarizes the distribution of all PTL histological subtypes in the study cohort. Table III . Univariate and multivariate analyses for CSS and OS of patients with primary testicular lymphoma.
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Multivariate analysis (17) . The effects of rituximab treatment on survival, according to cancer stage and age, were also explored. For this analysis, patients with PT-DLBCL were the primary focus, as they constituted the largest subgroup of PTL patients (4). Rituximab treatment was revealed to be an independent prognostic factor according to cancer stage, in univariate and multivariate analyses (P<0.05; Table IV 
Discussion
To the best of our knowledge, the present study was the largest to explore the epidemiology and prognosis of PTL Table III . Continued. ---------------------------------------------------------------------------------------------------------------------------------------- --------------------------------------------------------------- Includes follicular lymphoma, small B-cell lymphocytic lymphoma, marginal zone B-cell lymphoma, and lymphoplasmacytic lymphoma. CI, confidence interval; CSS, cause-specific survival; HR, hazard ratio; ML, malignant lymphoma; NA, not available; NHL, non-Hodgkin's lymphoma; NI, not included; NOS, not otherwise specified; OS, overall survival; PTL, primary testicular lymphoma.
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in a population of patients. The results revealed that DLBCL was the predominant histological subtype of PTL, and that 68.6% of cases were diagnosed in the early stages of the disease (stages I-II). In addition, age, year of diagnosis, specific NHL subtypes, radiotherapy and Ann Arbor stage were demonstrated as independent prognostic factors for PTL. Furthermore, patients >70 years, those that were diagnosed in the earlier time period, patients with T-NHL histotype, or patients with more tumors at stage III/IV exhibited the worst 5-year CSS rates. The introduction of rituximab in the scheme treatment significantly improved the 5-year CSS.
The median age at diagnosis of PTL was 70 years, which was slightly older than the age reported in the literature (67 years) (5, 18) . The present analysis revealed that B-cell NHL accounted for ~88.7% of all PTL cases, compared with T-cell NHL in 1.3% of PTL cases. The predominant histopathological type was DLBCL, which was observed in 82.9% (970/1,169) of cases, whereas follicular lymphoma was the second most prevalent subtype observed, followed by Burkitt's lymphoma. These were unique findings compared to previous studies (4, 19) . In addition, earlier reports demonstrated that 60-79% of patients have stage I/II disease at the time of diagnosis (1, 5, 20) , which is comparable to the 68.6% reported in the present study.
The age at diagnosis was an important predictor of survival, and patients <60 years old presented better survival outcomes than those >60 years old. These findings were consistent with previous studies (1,3,9 ). In addition, diagnosis at a later time period was a good prognostic factor of survival in PTL, due to the availability of radiotherapy and rituximab. Although orchiectomy is indicated for both diagnostic and therapeutic purposes, prognosis is considered to be poor in patients treated with orchiectomy alone (8), even for stage I disease (18) . Furthermore, in a survey by the International Extranodal Lymphoma Study Group, the addition of adjuvant radiotherapy was associated with significant improvement in 5-year PFS (70 vs. 36%; P=0.00001) and OS (66 vs. 38%; P=0.00001) (21) . In the present study, the 5-year CSS rate of PTL was improved from 54.3 to 67.5% when patients underwent radiotherapy. In addition, tumor histological types were associated with survival in patients with PTL. The 5-year CSS of patients with DLBCL was similar to that of those with indolent B-NHL (60.2 vs. 57.8%). This finding was consistent with a Dutch study, which demonstrated no significant improvement in survival rates for marginal zone lymphoma (22) . Due to the low frequency of non-DLBCL histology, only little amount of studies have reported the survival rates for these cases. However, the analysis performed in the present study revealed that patients with other aggressive B-NHLs had worse survival outcomes, with a 5-year CSS of 40.4%. Bacon et al (23) described five cases of primary follicular lymphoma of the testes in adult men who, following initial treatment, remained free from disease 4 years after diagnosis. However, the lymphomas did not express B-cell lymphoma 2 gene or carry t(14;18) (q32; q21)/immunoglobulin heavy chain translocations, which is different from traditional follicular lymphoma. Liang et al (24) summarized 13 cases of primary extranodal nasal-type natural killer/T-cell lymphoma of the testes, among which four patients survived for ≥1 year.
The relevance of laterality in the prognosis of PTL is controversial. Gundrum et al (1) reported that lymphoma involvement of the right testis is associated with improved DSS. Conversely, Roychoudhuri et al (25) revealed that testicular lymphoma with left-side involvement is associated with better outcomes. In the present study, the 5-year CSS rates with right-side, left-side and bilateral involvement were 62.7, 56.5 and 52.8%, respectively, with no significant difference among them (P=0.129). In addition, the prognostic impact of the Ann Arbor stage is still controversial. Numerous studies (1, 8, 9) have reporter that early stage disease (I or II) is associated with improved survival in patients with PTL; however, other studies on PTL (26, 27) did not identify Ann Arbor stage as a prognostic factor. In the current study, the overall 5-year CSS rates were 70.9, 58.2, 48.1 and 34.7% for patients with PTL diagnosed in stages I, II, III and IV, respectively. Patients with advanced-stage PTL had therefore a significantly inferior CSS compared to patients with early stage PTL.
Several studies have revealed that the outcome of patients with nodal DLBCL is improved greatly with the addition of rituximab to chemotherapy (28) (29) (30) (31) , although the effect of rituximab on PT-DLBCL is still debatable. A population-based retrospective study in the US (1) exhibited no difference in PT-DLBCL outcomes before and after addition of rituximab to therapy. Avilés et al (32) , demonstrated that the outcome of patients with early stage PTL is improved with the addition of rituximab to chemotherapy. In the present study, the introduction of rituximab also prolonged the 5-year CSS, independently of Ann Arbor stage and age. Rituximab is also used to treat patients with primary CNS lymphoma due to the positive effects seen in patients with extra-CNS DLBCL (33, 34) . However, as it is a large protein, it has a poor capacity to penetrate the CNS (35) and its ability to prevent the dissemination Table IV . Univariate and multivariate analysis on the effects of time period of diagnosis on primary testicular diffuse large B-cell lymphoma CSS based on different cancer stages and ages.
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Multivariate analysis Table V . Univariate and multivariate analyses of primary testicular diffuse large B-cell lymphoma CSS and OS during the post-rituximab time period.
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Multivariate analysis of DLBCL in the CNS remains questionable. Furthermore, rituximab treatment did not have any survival advantage for patients >80 years in the present study, which may be due to the poor physical condition and presence of additional comorbidity in these patients. Kemmerling et al (36) revealed that PT-DLBCL can be further subdivided into an activated B-cell (ABC) phenotype and a germinal center (GC) phenotype, and freporter that patients with the GC phenotype had a better OS than those with the ABC phenotype. Therefore, the differences in patients outcomes presented by numerous studies may be associated with the various subtypes of PT-DLBCL. Although the present study was a large population-based study, it presented several limitations. Firstly, the SEER database provided no information regarding chemotherapy and rituximab use, which may affect the results. Secondly, the sites of relapse were not precisely described. Thirdly, not enough clinical data were available for risk stratification according to the IPI; therefore, survival analysis according to IPI risk was not assessed. Only 38.8% of patients were diagnosed after 2006, which may represent an unknown bias in the selection. This was however a population-based study and the data presented were very close to real-world conditions. Although knowledge from the current literature is not very critical, it remains a valuable guide to further investigate PTL and identify novel treatment schemes.
To the best of our knowledge, the present study was the largest study of patients with PTL, and exhibited that age, year of diagnosis, Ann Arbor stage and histological type were independent predictors for PTL prognosis. In addition, the multiple analyses revealed that adjuvant radiotherapy and the addition of rituximab to chemotherapy may provide survival benefits. A prospective study must however be performed to confirm these findings. In conclusion, determination of independent predictors and treatments efficiency may aid practitioners in their decision of therapy regimens and improve PLT prognosis.
